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Figure 8. Erodibility map from study area.
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We used 200 sample locations in the sub-basin in channels,
ridges, hilltops, and gently rolling areas to compare the LS
factor values calculated by LS-TOOL and the UCA
method. The linear regression r2 for this evaluation is
shown in figure 10c. We found that there was a strong
relationship between the UCA method and LS-TOOL for
the study area, as was also reported by Zhang et al. (2013).

To obtain LS-factor values we choose some of the

parameters in the LS-TOOL taking into account
characteristic of study area (fig. 10b). The multiple-flow
direction (MFD) was used to obtain the unit contributing
area and the LS layer was created (fig. 10a).

Cover Management Factor (C) and
Support/Conservation Practices Factor (P)

The supporting conservation practice factor was
assumed to be a value of 1.0 for the entire area due to the

lack of support practices in place within the Ribeirao do
Salto sub-basin. The GISus-M used the normalized

difference vegetation index (NDVI) data to obtain the C
factor. For this, it is necessary to make the atmospheric
coiTcction of the image data before calculating the
vegetation index. A full Landsat 8 scene of the study area
was obtained from the USGS EROS Data Center available

at http://cros.usgs.gov/ (fig. 1la).
We used ENVI 5.1 software to convert digital number

(DN) values to surface reflectance and then we applied the
FLAASH tool available in the same software to

atmospherically correct the multispectral image. The NDVI
was computed for each pixel using equation 7 from Landsat
8 scenes (path/row: 216/71) acquired by the Operational
Land Imager (OLI). NDVI data was derived from bands 4
(red) and 5 (NIR) of the Landsat 8, acquired on 4 May of
2014 (fig. 1lb). Then we used equations 9 and 10 to obtain
C-factor values from NDVI data (fig. 1lc).

We used values of 2 and 1 for the a and P parameters.
The mean values and standard deviations for Cr and Cvk
calculated from NDVI image were 0.163 and 0.063, 0.087
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Figure 10. (a) Topographic LS-factor map for the study area; (b) LS-TOOL configuration used to obtain the LS values; and (c) linear
regression relationship between LS-TOOL and UCA values.

and 0.149, respectively. Values closer '0' represented a
denser density coverage. It is important to note that more
than 99% of sub-basin showed values of Cr and CVk
between 0 and 0.45.

Potential Annual Soil Loss

To estimate the potential annual soil loss for Ribeirao do
Salto sub-basin we used the product of factors (R, K, LS, C
and P). The system developed allows the user to easily run
the USLE method providing a determination of the
sediment yield in study area. Moreover, the user can create
some surface soil erosion scenario changing the factors or
information in the database.

Thus, for Ribeirao do Salto sub-basin the assessment of
the average soil loss was carried out and grouped into
different classes (fig. 12). We used Cr method for C factor
layer because the study area is located in tropical areas
exhibiting high rainfall intensity. The spatial pattern of soil
erosion map indicated that the areas with large erosion risk
were located in the north and northwest regions. Areas with
small erosion risk were in the central parts of the study area.
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Summary and Conclusions
By using the GISus-M presented in this work, it is

feasible to integrate methods for calculating the USLE
factors with gcoproccssing system, enabling applicability
of spatial data in analysis of soil erosion at a relatively
large scale. In addition, the GISus-M provides tools to
create LS and C factors in different ways using DEMs and
remote sensing information, respectively.

GISus-M is an interactive tool that may be used in soil
erosion surveys and studies. Furthermore, the system
allows researchers and decision makers to use spatial data
and different methods to create future scenarios of soil

erosion risk. The results found for the Ribeirao do Salto

sub-basin show that it is possible to populate the values
needed in database, and to work with different types of
data, making the GIS-procedurc developed here a useful
tool for applying the USLE method within a geographic
information system.

applied Engineering in agriculture
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Figure 11. (a) Composite band 5-4-3; (b) NDVI data; (c) Cr and CVK obtained from Landsat 8 OLI.

Figure 12. Annual average soil loss for Ribeirao do Salto sub-basin.
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The GISus-m files for installation and a manual can be

found at http://www.ufrb.edu.br/gisus-m.
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